The cement companies have found in natural and artificial pozzolans a very good option for partial replacement of cement in concrete. Fly Ash is a type of artificial pozzolan, which improves the microstructure of hydrated cement and its durability. Because it is a byproduct of coal combustion, it is economical and abundant for use as an addition to mortars and concrete, making this byproduct a recoverable residue, favoring the environment.
Introduction
The construction industry has evolved over time, and with it, the research on the raw materials it demands. In the latest years, studies have been performed on materials that may be added to cements and concretes, in order to benefit their production process without lowering their quality. Pozzolans have become a good alternative of cement additive products. Fly Ash is an artificial pozzolan, a byproduct from thermal power plants. Because the production of Portland Cement (PC) entails high energy costs, and that for each ton of cement produced one ton of CO2 is released to the atmosphere (Valdez et al., 2007) , adding fly ash to the mix results very beneficial, as it gives utility to the industrial waste of thermal power plants, it reduces CO2 emissions to the atmosphere, and it reduces production costs.
One of the disadvantages of using fly ash as a supplementary material in cements and concretes, is the amount of unburned carbon it contains (Valderrama et al., 2011; Velázquez et al., 2007; Burgos et al., 2012) , which is made up of non-reactive, porous and rough-textured particles that increase the amounts of water required by the mixes, an also affect their mechanical properties and their durability (Burgos et al., 2012) .
Considering that different authors (Valderrama et al., 2011; Burgos et al., 2012; Molina et al., 2008; Shi et al., 2008) agree the properties of fly ash are very variable, depending on the type of carbon that generates them and the combustion process to which they are submitted, we intend to physically, chemically and mineralogically characterize the fly ash originating from the thermal power plant located in Boyacá (Colombia), as well as the Portland cement used.
The objective of this investigation is to evaluate the effect of unburned residues on the mechanical properties of cement mortars containing fly ash as an additive. To do this, part of the unburned residues in the fly ash will be removed by means of sieving separation techniques. For both samples of fly ash, normal and sieved, the percentage of unburned residues will be determined by means of proximate analyses as described in ASTM D3172 (2013). Thus, the sum of volatile matter and fixed carbon is equal to the percentage of unburned residues in each sample (Velásquez et al., 2007) .
To determine which mixture with fly ash additive presents the better compressive strength properties, mortar cement cubes with proportions of 20, 40, 60 and 80% of normal fly ash -just as it arrives from the thermal power plant -and of sieved fly ash will be cast, and they will be compared with one made up of 100% cement.
Materials and Methods

Materials used
The following materials were used during this investigation:
Cement: Blended Portland cement, classified as Type I. Produced by Cementos Argos S.A., using the commercial denomination "General Purpose Gray Cement", complying with NTC 121 (2014) and NTC 321 (1982) standards.
Fly Ash: Byproduct of carbon combustion at the thermal power plant TERMOPAIPA, located in the department of Boyacá, Colombia.
Sand: Sand with similar characteristics to that of standardized Ottawa sand.
Distilled Water.
Elimination of unburned carbon
To eliminate a percentage of the unburned residues from normal fly ash (NFA) -in its original state as industrial waste from the Thermal Power Plant of Boyacá -, a granulometric analysis was performed to find the sieving mesh diameter that would retain the unburned residue particles, using as a reference the methodology applied by Velasquez et al. (2007) . A set of sieves was used, from #40 -corresponding to an opening of 0.425mm -to # 325 -corresponding to an opening of 0.045mm -, as described in Table 1 . This analysis showed that approximately 96% of the initial weight goes through sieve #100, retaining in the first sieves the largest unburned carbon particles ( Fig. 1a and 1b) . The larger unburned carbon particles were then separated from the NFA by passing it through the #100 sieve, thus obtaining a sample of unburned carbon-free fly ash (UFFA). Proximate analysis of coal determines the percentages of: D 3175 (1996) -, and Fixed Carbon (FC) , calculating this last one using the formula: %FC = 100 -(%M + %Ash + %VM). Proximate analyses were performed on both samples of Fly Ash (NFA and UFFA), in order to find the percentage of unburned carbon (VM+FC) each contained; obtaining the amounts presented in Table 2 . 
Characterization of materials
The physical, chemical and mineralogical characteristics of fly ash and portland cement were evaluated separately using X-ray Fluorescence (XRF), X-ray Diffraction (XRD), and Scanning Electron Microscopy (SEM).The chemical composition of both types of Fly Ash (NFA and UFFA) resulted in a content of SiO2 + Al2O3 + Fe2O3 larger than 70%, a content of SO3 lower than 5%, and moisture content not exceeding 3%. Density analysis was performed in accordance with ASTM C 188 (1995) , obtaining data that shows a uniform distribution, which does not exceed the 5% average variation limit established in standard ASTM C 618 (2000) . Thus, the fly ash samples can be classified as Type F, according to standard ASTM C 618 (2000) . To determine pore superficial area, volume and size, BET nitrogen adsorption analysis was performed. Loss on ignition was tested following the practice recommended in standard ASTM C 114 (2000) . All of these results are reported in Table 3 . The chemical composition of the Fly Ash is similar to that of the Clay Minerals Group Calleja (1982) . Two phases can be observed in its diffractogram: an amorphous phase (reactive material), and a larger percentage of a crystalline phase, comprised of quartz and mullite (silicates); indicative of a Fly Ash low in Calcium from anthracites and subbituminous carbon (Fig. 2) . In turn, the cement displayed a usual chemical composition, mainly consisting of Alite (C3S), Belite (C2S), Aluminate (C3A) and other characteristic components of added cements (Fig. 3) . The irregular hexagon shape of cement particles can be observed in Figure 4a , which shows a SEM Micrograph. The cenospheres present in fly ash can be observed in Figure 4b , formed by the surface tension generated by the heat of combustion. Porous particles of irregular shape are also recognized, which are what is called "unburned residue". 
Production of mortar cubes.
To determine the optimum percentage of fly ash that may be added to mixtures of Portland cement mortars without affecting compression strength, 50x50x50 mm cubes were cast according to standards ASTM C305 (2000) and ASTM C109 (1999), replacing Portland cement for fly ash, NFA and UFFA, in percentages of 20, 40, 60, and 80%. Mortars of 100% cement were also cast under the same curing conditions, in order to have a target of comparison. This amounts to 162 cubes (Table 4) in total. Fluidizing liquid was also added to the mixtures that included fly ash to make them easier to handle. 
Results
Compressive strength
All 162 cubes were submitted to compressive strength tests, following standard ASTM C 109 (1999), after curing times of 1, 3, 7, 28, 56 and 118 days. A universal hydraulic machine, reference UH-500 kN1, was used to perform these tests.
The results showed that it is possible to replace 20% of cement for fly ash without affecting quality, given that the mixtures containing a higher percentage of fly ash did not match the strength of the 100%-cement mortar (Fig. 5) . Even though fly ash is branded industrial waste, it has begun to be considered useful because of it pozzolanic properties, which need to be activated to develop products with strength and durability. Hence, mixing fly ash rich in silica (S) with the calcium hydroxide (CH) part of hydrated cement, results in the formation of the well-known Calcium-Silicate-Hydrate (C-S-H) gel, responsible for increased strength in hardened cement. The compressive strengths of the mixture with a 20% replacement of cement for fly ash are presented in Figure 6 and Table 5 . It is clear that by eliminating the unburned residue particles the compressive strength reached is more advantageous, achieving the strength of the pure cement mortar at 118 days of curing time. 
Conclusions
Eliminating part of the unburned carbon in fly ash is necessary so that mixtures containing a 20% addition of fly ash can achieve similar resistance to that of pure cement mortars. Using sieving techniques to remove the largest unburned particles improves the properties of fly ash, allowing the reuse of the unburned carbon as fuel. The mortar mixtures with added fly ash acquire better resistance with a longer curing time. Adding up to 20% of fly ash to cement mixtures generates economic and environmental benefits, given that Clinker production is expensive and that fly ash storage has a negative environmental impact on locations nearby the thermal power plants that produce them.
